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(57) Abstract 

A head-mounted projection display system is characterized by a pair of headr-mounted low-power image projectors mounted adjacent 
the eyes of die viewer, and aimed to project in a direction along die line of sight of die viewer toward a high-gain, ictro-refiectivc screen 
(16). Stereoscopic viewtag is enabled by projecting separate images to the right and left projectors. The ictio-rcflectivity of the screen (16) 
ensures that the right and left images will be retumcd to the right and left eye, respectively. 
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Tliis invention relates to a head-mounted projection display system, and more 
particularly relates to such a display system in which the display is stereoscopic. 

A variety of head-mounted displays are in use or have been proposed. Usually 
they involve a CRT or a spatial light modulator coupled to a source of light to create the 
display image. In the simplest versions, the images are viewed directly by the eye, assisted by 
suitable optics. See, for example, Japanese Kokai 4-345 88(A). Some versions permit the 
ambient environment to be viewed through the apparatus while information is added to the 
observer's view from the display. See, for example, U.S. patent 5,677,795. 

In UK patent application GB 2 043 940 A, a ground-based craft-flight simulator 
is described, in which separate right and left light beams from a laser-scanning image 
generator are fed to right and left projection lenses mounted on a helmet above the eyes of a 
wearer-trainee, and projected onto a retro-reflective viewing screen. A diffraction grating on 
the front of the screen adjusts the angle of the retro-reflected image, so that the projected 
beams are reflected onto a plane mirror mounted on the helmet between the projection lenses 
and the eyes of the viewer. Motors mounted on the helmet rotate the mirror, to achieve 
scanning of the reflected light beams onto the screen to build up the display image. 

A drawback of the known system is that it is complex and would be expensive 
to implement, hmiting its applicability to specialized uses such as military or conraiercial pilot 
training. 

Accordingly, it is, inter alia, an object of the invention to provide a simple, low- 
power, head-mounted projection display system. 

Thereto, a system according to the invention is defined in Claim 1. 
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A simple low-power, head-mounted projection display system, particularly one 
which provides stereoscopic viewing, would be useful in a variety of applications, notably 
virtual reality systems, useful, for example, in education, training, and/or entertainment. 

In accordance with one aspect of the invention, there is provided a head- 
mounted projection display system comprising head gear including at least one low-power 
projector positioned such that the images from the projector are directed away from the 
viewer's eyes. More specifically, the projector is mounted so as to project an image in a 
direction along the viewer's line-of-sight. Preferably, a pair of projectors are mounted on 
opposite sides of the head gear, adjacent the viewer's eyes, and each projector is aimed to 
project an image in a direction along the viewer's line-of-sight. 

A further advantage of the system according to the invention is that 
stereoscopic viewing is possible. 

Further aspects of the invention are defined in the dependent Claims. 

The projected image is directed to a high-gain, retro-reflective viewing screen, 
which returns light from the low power projector(s) at sufficient brightness for the viewer to 
see the projected image(s). Due to the small angle of return (on the order of about 1-2 
degrees), each eye sees only the image from its adjacent projector, enabling stereoscopic 
viewing in the event that separate images are projected by each projector, without the 
attenuation, temporal or optical manipulation common to known stereoscopic display systems. 

The retro-reflective viewing screen is capable of having a wide viewing angle. 
This characteristic, together with the retro-reflectivity of the screen, permits a single viewer or 
multiple viewers, each with their own headgear, to see the same image or different images at 
large angles of view without significant degradation, making possible, for example, one or 
more viewers moving within the viewing space, or an audience of stationary viewers. 

These and other, more detailed, aspects of the invention will now be described 
and illustrated with reference to the Figures. 



t 



wo 00/34818 PCT/EP99/09188 

3 

Fig. 1 is a perspective view of one embodiment of the projection system of the 
invention, including a pair of low power projectors mounted on headgear, and a high-gain, 
retro-reflective screen; 

Fig. 2 is a schematic cross-section view of one of the low power projectors of 

5 Fig. 1; 

Fig. 3 is a detailed cross-section view of a portion of the screen of Fig. 1; and 
Fig. 4 is a schematic representation of a spherical viewing room with 
transparent floor in accordance the invention. 

10 

In Fig. 1, two low power projectors 12 and 14 are mounted on the viewer's 
head close to each eye. Each projector is aimed at the viewing screen 16 along the direction of 
the line of sight of the adjacent eye of the viewer. The projectors 12 and 14 are stabilized and 
referenced to the viewer's head by means of a headband 18. Possible alternative headgear 
IS include a hat or helmet. 



The projectors each include a light source 20, an electro-optical light modulator 
22, such as an LCD, and a projection lens 24, in the arrangement shown schematically in Fig. 
2. Light may alternatively be supplied from a remote light source, e.g.. via optical fibers. 
20 Display information, such as video or computer generated display signals, are supplied to the 
modulator 22 via electrical cables, not shown. 

The viewing screen 16 is retro-reflective. That is, it returns all incident light 
back to the source within a narrow angle (about 1-2 degrees). Consequently, regardless of 

25 changes in the angle of incidence of the projected image caused by movement of the viewer's 
head, the screen will return the projected image to the viewer. The viewing screen also 
advantageously can have a very high gain, as high as 1600, for example, enabling the viewer 
to see the projected image at adequate brightness, despite the low power of the projectors. This 
low power not only reduces the cost of the system relative to more complex high power 

30 systems, but also enables the use of battery powered operation, introducing portability and the 
possibility of inputting display information, such as computer generated information, by 
wireless link. 
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Depending upon the application, the screen could cover a portion of a wall or an 
entire wall or room. The walls of the room could be curved, e.g., cylindrical or spherical. For 
example, Fig. 4 shows a spherical room 40 enclosing a transparent floor 42 and viewer 44. In 
the stereoscopic mode of the invention, such a room 40 could be used to project images 46 and 
48 above and below viewer 44, for example, to train astronauts, since it would create a 
perception of floating in space. 

In one embodiment, shown in Fig. 3, the screen is composed of a surface of an 
array of uniformly sized microspheres 30, adhered to a substrate 34 by a reflective paint 32. 
The microspheres can be of any size above the wavelength of the light, and can also be of 
varying sizes. One way of constructing a large screen surface would be to blow the 
microspheres onto a substrate having a previously applied tacky base, e.g., wet reflective 
paint. As is known, one alternative to reflective microspheres is the so-called comer cube. 
Retro-reflective screens are also conmiercially available. Two examples are the 3M Special 
Effects Projection screens #7610 and #7615. 

The invention has been described in terms of a limited number of embodiments. 
Other embodiments, variations of embodiments and art-recognized equivalents will become 
apparent to those skilled in the art, and are intended to be encompassed within the scope of the 
invention, as set forth in the appended claims. 
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1- A head-mounted projection display system comprising viewer headgear and a 
projection display screen (16). the headgear comprising at least one display image projector 
(12,14), and means (18) for mounting the projector adjacent an eye of the viewer in a manner 
to project an image in the direction of the line-of-sight of the viewer, and the screen (16) being 

5 a retro-reflective screen. 

2- The head-mounted projection display system of claim 1 in which the headgear 
comprises two projectors (12,14) mounted on opposite sides of the headgear. 

10 3, The head-mounted projection display system of claim 1 in which the projection 

screen (16) comprises an array of reflective microspheres (30) on a substrate (34), 

4- The head-mounted projection display system of claim 3 in which the substrate 
(34) is curved. 

15 

5- The head-mounted projection display system of claim 3 in which the substrate 
(34) is the wall of a room. 

6- The head-mounted projection display system of claim 4 in which the substrate 
20 (34) is spherically or hemispherically shaped. 

7- The head-mounted projection display system of claim 5 in which the substrate 
is a spherically shaped room (40)enclosing a transparent floor (42). 

25 8. The head-mounted projection display system of claim 1 in which the low power 

projector comprises an electro-optical light modulator (22) and a projection lens (24). 

9- The head-mounted projection display system of claim 8 in which the electro- 

optical light modulator (22) comprises an LCD. 



wo 00/34818 



PCT/EP99/09188 




wo 00/34818 



PCT/EP99/09I88 



2/2 




A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G02B27/01 



PCT/EP 99/09188 



Accorting lo iniemailonal Patent Cla88iflcatlen (IPC) or to bolh national d astlflcallen and IPC 
B. FIELDS SEARCHED 



Minimum doetjmanlallon aeaicried (classiUcaiion system loiiowad by classUicatlon syntels) 

IPC 7 G02B 



Documentation searched other than minimum documentation to tho extant that eucii documenta are Included in the fields 



searched 



Electronic data baa* eonauRed during the international search (name oi data base and. where ptaetleat. search terms u^ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, wHh indication, where appropriate, of the relevant passages 

WO 92 18971 A (EVANS & SUTHERLAND 
COMPUTER) 29 October 1992 (1992-10-29) 
page 8, line 2 - line 6; figure 1 
page 9, line 1 -line 4 
page 9. line 23 -page 11, line 3; figures 
3,4 

US 5 189 452 A (HODSON JAMES N ET AL) 
23 February 1993 (1993-02-23) 
coluinn 1, line 31 - line 35 
column 2, line 61 - line 67; figure 1 

GB 2 043 940 A (REDIFON SIMULATION 
LIMITED) 8 October 1980 (1980-10-08) 
cited In the application 
abstract; figure 1 



fl(] Further documente ara listed in the oontinualion of box C. 



•A- document defining the general state of the art which Is not 
considered to be of particular relevance 

"E" earlier document but pubHshed on or after the International 
filing date 

"L" docunent which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O" document referring to an oral disclosure, use, exhbition or 
other means 

T" document published prior to the International filing date but 
later than the priority date claimed 



10 



Relevant to claim No. 

1,2 
4 

3,4 



Patent family members are Hsted in annex. 



Date of the actual completion of the international search 



3 February 2000 



T later document published after the Internationa) filing date 
or priority date and not in confOd wfth the appHcatton but 
jjj^d to un<teratand the principle or ihe^ undartytng the 

'X' document of particular rslevance: the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y' document of particular relevance: the claimed Invention 
cannot be considered to Involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person sidlled 
in the art 

document member of the same patent family 



Name and mailing address of the ISA 

European Patent Office. P.B. 5618 Patentlaan 2 
NL-2280HVRIl8wl]lc 
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni, 
Fax: (+31-70) 340-3016 



Form PCT/fSA/210 (socond shMt) (July 1892) 



Date of mailing of the International search report 



10/02/2000 



Authorized officer 



Soul aire, D 



page 1 of 2 



C.(Contlnuatlon) DOCUMENTS CONSIOEREO TO BE RELEVANT 



PCT/EP 99/09188 



Catagoiy 



Citation of docunwnt. wKh indleatloawhars appropilaw. of tiw raiovan patiagM 



Relevant lo claim No. 



US 5 052 932 A (IRANI) 

1 October 1991 (1991-10-01) 

column 3, line 46 - line 55; figures 1,3 



5-7 



US 5 130 794 A (RITCHEY) 
14 July 1992 (1992-07-14) 
column 15, line 59 -column 
column 31, line 67 -column 
figures 36,46 



16, 
32, 



line 
line 



23 
2; 



WO 91 04508 A (GENERAL ELECTRIC COMPANY) 

4 April 1991 (1991-04-04) 

page 6, line 19 - line 24 

page 9, line 7 - Itne 14; figures 1A,2 

US 5 677 795 A (HEG6) 

14 October 1997 (1997-10-14) 

cited In the application 

abstract 

column 4, line 6 - line 18; figures 



8.9 



page 2 of 2 



imormaiion on patent family members 



PCT/EP 99/09188 



Patent document 
cited in search repoil 



Publication 
dale 



Patent family 
member(s) 



WO 9218971 



Publication 

date 



29-10-1992 



CA 
DE 
FR 
GB 
JP 
US 



2085735 
4291016 
2675613 
2261804 
6502054 
5572229 



A 
T 
A 
A 
T 
A 



23-10-1992 
13-05-1993 
23-10-1992 
26-05-1993 
03-03-1994 
05-11-1996 



US 5189452 
GB 2043940 



23-02-1993 
08-10-1980 



NONE 

CA 
US 



1119854 A 
4340274 A 



16-03-1982 
20-07-1982 



US 5052932 



01-10-1991 



NONE 



US 5130794 A 
WO 9104508 A 

US 5677795 A 



14-07-1992 
04-04-1991 

14-10-1997 



NONE 

EP 
JP 

EP 
XL 
JP 
JP 
US 



0443025 A 
4501927 T 

0722109 A 
116691 A 
2915337 B 
8262366 A 
5835277 A 



28-08-1991 
02-04-1992 

17-07-1996 
22-02-1998 
05-07-1999 
11-10-1996 
10-11-1998 



I^PCT/ISA«10(patora(aiTiilyafnn) (Julylt92) 



